The authors demonstrate that variability in vegetation cover can potentially influence oceanic variability through the atmospheric bridge. Experiments aimed at isolating the impact of variability in forest cover along the poleward side of the Asian boreal forest on North Pacific SSTs are performed using the fully coupled model, Fast Ocean Atmosphere Model-Lund Potsdam Jena (FOAM-LPJ), with dynamic atmosphere, ocean, and vegetation. The northern edge of the simulated Asian boreal forest is characterized by substantial variability in annual forest cover, with an east-west dipole pattern marking its first EOF mode. Simulations in which vegetation cover is allowed to vary over north/central Russia exhibit statistically significant greater SST variance over the Kuroshio Extension. Anomalously high forest cover over North Asia supports a lower surface albedo with higher temperatures and lower sea level pressure, leading to a reduction in cold advection into northern China and in turn a decrease in cold air transport into the Kuroshio Extension region. Variability in the large-scale circulation pattern is indirectly impacted by the aforementioned vegetation feedback, including the enhancement in upper-level jet wind variability along the north-south flanks of the East Asian jet stream.
Introduction
Numerous modeling studies have indicated that vegetation can substantially impact the atmosphere, both locally and remotely. Fully coupled climate models have shown that vegetation's influence on the atmosphere is established through biophysical feedbacks involving surface albedo (energy), evapotranspiration (moisture), and surface roughness (momentum). Within the boreal forests, the vegetation albedo feedback appears to be critical, particularly when the forest canopy masks the underlying snow cover (Robinson and Kukla 1985; Bonan et al. 1992; Betts and Ball 1997; Bonan 2002) . Modeling experiments in which the global boreal forests were replaced by bare ground or tundra (Bonan et al. 1992; Snyder et al. 2004) attest to the widespread influence of the boreal forest on temperature. Bonan et al. (1992) concluded that the resulting cooling was greatest in April and extended remotely even into the subtropics.
Field measurements have likewise revealed that Arctic forest and tundra have significantly different impacts on the local climate. Compared to tundra, the boreal forest is typically characterized by a lower surface albedo (Chapin et al. 2000; Beringer et al. 2005; Lundberg and Beringer 2005) , higher temperature , lower atmospheric moisture , lower evaporative fluxes (Shaeffer and Reiter 1987; Riseborough and Burn 1988; Bowers and Bailey 1989; Isard and Belding 1989; Rouse et al. 1992) , and higher Bowen ratio (Lafleur and Rouse 1995; Beringer et al. 2005) . Along the boreal forest-tundra boundary, vegetation changes alter the surface albedo and roughness (Chapin et al. 2000) , resulting in changes in surface energy exchange (Bonan et al. 1992; Chapin et al. 2000; Lloyd 2005 ). Compared to nonvegetated Arctic surfaces, shrublands actually support a deeper snowpack by reducing near-surface wind speeds and thereby reducing wind-driven sublimation; this likely encourages increased springtime runoff, higher winter soil temperatures, and reduced wintertime sensible heat loss (McFadden 1998; Sturm et al. 2001) . Two recent studies Notaro et al. 2006 ) have attempted to statistically quantify observed vegetation feedbacks. These studies support the findings of previous modeling studies that high-latitude forests induce a strong positive feedback on temperature. For example, Liu et al. (2006) noted a significant positive forcing of observed summer-autumn fraction of photosynthetically active radiation (FPAR) on October temperatures across eastern Siberia. Liu et al. (2006) also showed that Fast Ocean Atmosphere Model-Lund Potsdam Jena (FOAM-LPJ) produced a positive vegetation forcing on temperature across North Asia that agreed with the observed feedback estimates.
The complex impacts of vegetation variability on atmospheric variability have been explored in a few modeling studies. Zeng et al. (1999) and Delire et al. (2004) found that interactive vegetation led to enhanced precipitation variability at lower frequencies and reduced variability at higher frequencies. Zeng et al. (2002) also concluded that positive feedbacks from interactive vegetation can produce spatial changes in vegetation and rainfall gradients, particularly over Africa.
The possibility that vegetation variability might impact oceanic climate variability remains largely unexplored. For instance, vegetation cover variations likely produce local responses in temperature with the potential for remote atmospheric and oceanic responses. Wohlfahrt et al. (2004) identified a synergy between oceanic and vegetation feedbacks that amplified their simulated climatic change. The interannual variability of SST supports a smoother desert-forest transition, such as in the Sahel (Zeng and Neelin 2000) . To study the impact of vegetation variability on oceanic variability, it is necessary to apply a GCM with both dynamic vegetation and ocean, such as FOAM-LPJ.
We will investigate the impact of variability in forest cover along the poleward side of the North Asian boreal forest on North Pacific SST variability using the fully coupled model, FOAM-LPJ. This study is the first to demonstrate the simulated response of SSTs to vegetation variability in a fully coupled atmosphereocean-vegetation GCM. We select the area of the northern Asian boreal forest due to its substantial forest cover variability and potent albedo feedbacks within the control simulation and perform a set of experiments aimed at isolating the impact of vegetation variability within the region. Section 2 describes the model and experiments. Section 3 discusses the mean and variance of simulated vegetation and compares the results with satellite observations. The impact of North Asian vegetation variability on Pacific SSTs and the atmosphere is presented in sections 4 and 5, respectively. A mechanism for this remote feedback is proposed in section 6. Finally, the conclusions are given in section 7.
Model

a. Model description
Simulations are performed using FOAM-LPJ, which is a fully coupled global atmosphere-ocean-land model with dynamic vegetation Notaro et al. 2005) . The coupled atmospheric-oceanic component is the FOAM version 1.5 (Jacob 1997) . The atmospheric component is a fully parallel version of the National Center for Atmospheric Research's (NCAR) Community Climate Model (CCM2; Drake et al. 1995) , which has been updated with CCM3 atmospheric physics (Kiehl et al. 1998 ). The atmosphere is simulated with a horizontal resolution of R15 (approximately 4.5°ϫ 7.5°) and 18 vertical levels. The oceanic component, Ocean Model Version 3 (OM3), is a finite-difference, z-coordinate ocean model; it uses a horizontal resolution of 1.4°ϫ 2.8°, 24 vertical levels, and an explicit free surface. FOAM uses the thermodynamic sea ice component model from Climate System Model version 1 (CSM1), NCAR's CSM Sea Ice Model (CSIM) version 2.26, but does not include sea ice dynamics. The sea ice model, which is driven by heat, momentum, and freshwater fluxes, includes lateral ice growth and melt in leads, snow on ice, and the production of brine pockets due to penetrating solar radiation.
FOAM is synchronously coupled to a modified version of the LPJ-dynamical global vegetation model (DGVM) (Sitch 2000; Cramer et al. 2001; McGuire et al. 2001; Sitch et al. 2003) . The land grid has a horizontal resolution of 1.4°ϫ 2.8°. The simulated nine plant function types (PFTs) consist of two tropical trees, three temperate trees, two boreal trees, and two grasses. FOAM-LPJ's vegetation processes include plant competition, biomass allocation, establishment, mortality, soil and litter biogeochemistry, natural fire, and successional vegetation changes. No relaxation or correction of climate forcing toward observations is applied to adjust the simulated vegetation. The original LPJ daily evapotranspiration process is modified in FOAM-LPJ to allow for diurnal calculations of soil temperature . The LPJ tree survival mechanism is also modified to permit less abrupt tree kill under extreme cold conditions . FOAM-LPJ has been applied to study the mid-Holocene , preindustrial to modern period (Notaro et al. 2005) , and the twenty-first and twenty-second centuries (out to 4ϫCO 2 ) (Notaro et al. 2007) .
Even without the use of flux adjustment, FOAM captures most of the major features of the observed climate as in most state-of-the-art climate models (Jacob 1997; Liu et al. 2003) . It produces reasonable climate variability, including ENSO (Liu et al. 2000; Liu and Wu 2004) , Pacific decadal variability Wu and Liu 2003) , and tropical Atlantic variability (Wu and Liu 2002) , although the simulated variability is generally weaker than observed. Its simulated mean climate and variability are comparable with higher-resolution models (Marshall et al. 2006a,b, manuscripts submitted to Climate Dyn.) . The simulated biome distribution was found by Notaro et al. (2005) and Gallimore et al. (2005) to be in reasonable agreement with potential natural vegetation distribution.
b. Simulations
Four simulations are produced using FOAM-LPJ, each 400 yr in length (Table 1) . Simulation INTVEG includes interactive vegetation globally, as opposed to simulation FIXVEG, which has fixed annual vegetation cover globally. In FIXVEG, the daily processes of LPJ coupling are permitted while the annual part of the coupling, which determines PFT fractional coverage, is turned off . The PFT distribution in the initial restart file is replaced by the mean coverage from the INTVEG control run and held constant throughout the simulation. Variations in seasonal leaf cover (phenology) are permitted in FIXVEG.
Two specialized simulations are produced, NASIAFIX and NASIAINT. In simulation NASIAFIX, annual vegetation cover is fixed over northern Asia (55°-80°N, 50°-140°E) but dynamically varying across the rest of the globe. In simulation NASIAINT, annual vegetation cover is fixed everywhere except interactive over northern Asia. By comparing simulations INTVEG to NASIAFIX or NASIAINT to FIXVEG, the simulated impact of variability in vegetation cover over northern Asia on the climate system can be assessed. The results are generally robust between both comparisons, so the INTVEG-NASIAFIX comparison is the only one presented in certain sections of the paper.
Several observational datasets are used to evaluate the model simulations. Satellite-based vegetation data include the Continuous Fields of Vegetation Cover dataset (DeFries et al. 1999 and the fractional vegetation cover (treesϩgrass) dataset for 1982-2000. Observed SST datasets include extended reconstructed SST (ERSST) Reynolds 2003, 2004) and Kaplan extended SST (Kaplan et al. 1998; Parker et al. 1994; Reynolds and Smith 1994) datasets.
Simulated vegetation
Across Eurasia, three PFTs characterize the majority of the simulated vegetation cover: boreal needleleaf summergreen trees, boreal needleleaf evergreen trees, and C3 grasses. The simulated boreal forest is primarily comprised of a band of needleleaf summergreen trees across 50°-70°N, over south/central Russia and into northeast China. The model also produces an extensive, but less dense, forested region with boreal needleleaf evergreens over central/northern China and Mongolia. Boreal summergreen trees are more abundant at higher latitudes largely due to their hardiness as specified in LPJ, with no bioclimatic limit regarding the minimum coldest month mean temperature and less required growing degree-days than with the boreal needleleaf evergreen trees. Northern Asia, between 60°and 70°N, is moderately vegetated with C3 grasses and summergreen trees along the northern boreal forest. The total simulated forest cover in simulation INTVEG is shown in Fig. 1a . The region of moderate forest cover along the northern boreal forest is the focus of this paper.
The simulated vegetation cover is evaluated against the satellite-based Continuous Fields of Vegetation Cover dataset (not shown). The simulated boreal evergreen forest around 60°N closely matches its observed location. The model overproduces forest cover across Eurasia, largely due to a persistent wet bias. Within the central boreal forest and over China and Europe, simulated percent forest cover exceeds 90%. The model cold bias also expands the area of tundra and polar desert. Despite these biases, the simulated vegetation cover reasonably agrees with the observations, considering the lack of flux adjustment. Note that some differences between the simulated and satellite-derived vegetation cover can be attributed to the absence of land use and the categorization of shrubs as trees in the model. A further statistical analysis of feedbacks in FOAM-LPJ shows that the simulated vegetation feedbacks over Eurasia are largely consistent with statistical estimates based on remote sensing data .
Previous studies have demonstrated LPJ's success in simulating tundra vegetation and have shown that its simulated dynamics for tundra and boreal forest, particularly regarding succession and postdisturbance vegetation recovery, agree with observations (Bonan et al. 2003) . Although LPJ lacks a shrub PFT, FOAM-LPJ produces short trees with shallow roots across the boreal tundra transition zone that are basically representative of observed shrubs.
The variance in annual forest cover from simulation INTVEG is shown in Fig. 1b . Globally, the most exten- sive area of simulated forest cover variability is found over North Asia, along the northern edge of the boreal forest. The simulated forest cover over North Asia generally has a memory, or persistence time, in excess of one decade, based on the significance of lagged autocorrelations. This climatically sensitive region, as identified in Fig. 1b , lies within 55°-80°N, 50°-140°E (northcentral Russia), and is characterized by a mix of boreal summergreen trees and C3 grasses. The lack of availability of long-term observed annual forest cover data, unfortunately, prevents a direct comparison against observations. However, there is a similar band of relatively high variance in observed fractional vegetation cover (treeϩgrass) during 1982-2000 over northern Asia within 60°-75°N, although less than the simulated variance. Since satellite data are only available for about two decades, it is not feasible to evaluate the simulated forest cover variability, which exhibits a decadal peak in variance. The boxed area in Fig. 1b represents the region of varying vegetation in NASIAINT and fixed vegetation in NASIAFIX. Based on unrotated EOF analysis of annual forest cover across northern Asia in simulation INTVEG, this area of relatively high forest cover variance is characterized by an eastwest dipole pattern (Fig. 1c) . The dipole pattern is mode 1 of the EOF analysis, explaining 29% of the variance. It can be described as a zonal oscillation of the northern boreal forest on a decadal time scale. The western (65.4°N, 119.5°E) and eastern (64.0°N, 66.1°E) dipole centers have a very similar mean fractional forest cover (0.47 and 0.45, respectively) and identical standard deviations of fractional forest cover (0.26), with a substantial negative correlation of Ϫ0.48 between the two locations' annual forest cover ( p Ͻ 0.1).
A further analysis suggests that this dipole in vegetation cover variability is forced by variability in the atmospheric circulation. An intensified Siberian high generates anomalous warming to the west and cooling to the east, enhancing forest cover to the west and suppressing forest cover to the east. 
Impact of vegetation variability on ocean temperatures
Annual North Pacific SSTs from INTVEG are compared to observed SSTs (not shown) from both the ERSST and Kaplan extended SST datasets. Despite a persistent cold bias, the model produces a reasonable meridional gradient of annual SSTs over the North Pacific, including a tight gradient in the highly baroclinic Kuroshio Extension region. The model and observations exhibit a peak in SST variance in the Kuroshio Extension and the Gulf of Alaska, although the model's variance in the latter region is excessive due to too much sea ice variability there. The Pacific decadal oscillation (PDO) pattern appears as EOF-1 in both the INTVEG simulation and observations, with opposite signs between the west-central Pacific SSTs around 40°N and SSTs along the west coast of North America. The percent explained variance of EOF-1 is 33% in the Kaplan dataset and 44% in INTVEG. We conclude that FOAM-LPJ produces acceptable North Pacific SST variability, as previously determined by Wu et al. (2003) and Wu and Liu (2003) .
On interannual and decadal time scales, the Kuroshio Extension exhibits the largest variability in sea surface and subsurface temperatures across the North Pacific (Miller et al. 1998; Xie et al. 2000) . It is also characterized by the largest heat exchanges between the ocean and atmosphere across the extratropical North Pacific (Vivier et al. 2002) . The Kuroshio Extension is a critical center for the PDO (Mantua et al. 1997; Kwon and Deser 2007) . We find that variability in North Asian forest cover can potentially impose a significant impact on variability in the Kuroshio Extension.
The percent difference in variance of annual North Pacific SST is shown between INTVEG and NASIAFIX in Fig. 2a and between NASIAINT and FIXVEG in Fig. 2b . In both comparisons, the simulation with interactive vegetation cover over northern Asia (INTVEG and NASIAINT) is characterized by approximately 30% greater SST variance over the Kuroshio Extension, east of Japan ( p Ͻ 0.1). The simulated vegetation cover over the northern boreal forest of Eurasia is therefore exhibiting a remote feedback on the Kuroshio SST. This SST variance enhancement over the Kuroshio Extension (30°-40°N, 140°E-180° INTVEG and NASIAFIX. Heat content variance within the west-central North Pacific is enhanced by up to 35% east of Japan ( p Ͻ 0.1) in INTVEG, which is attributed to remote vegetation feedbacks from northern Asia. The percent variance differences of the following terms (averaged over the top 100 m) are computed: surface heat flux, anomalous advection, mean advection, horizontal diffusion, and vertical diffusion and convection (Wu and Liu 2005) . The enhanced ocean heat content variance in INTVEG, compared to NASIAFIX, appears to be largely related to the enhanced variance in anomalous horizontal heat advection [Ј(‫ץ‬T/‫ץ‬y) and uЈ(‫ץ‬T/‫ץ‬x)] ( p Ͻ 0.1). Over the Kuroshio Extension, the variance in oceanic meridional currents is enhanced in INTVEG, particularly during MAM and JJA. In MAM, when SST variance over the Kuroshio Extension is most enhanced in INTVEG compared to NASIAFIX, there is a 22% increase in variance in anomalous meridional heat advection over the Kuroshio Extension. These results suggest that vegetation cover variability over northern Asia is impacting the atmospheric circulation pattern, thereby influencing meridional ocean currents and heat transport across the North Pacific. Local surface fluxes of sensible and latent heat are significantly enhanced in INTVEG upstream over the Kuroshio region but not the Kuroshio Extension, suggesting a remote contribution to enhanced Kuroshio Extension SST variability.
In agreement with our findings, the dominant influence of meridional heat advection by anomalous ocean currents on SST variability in the Kuroshio Extension has been noted in previous studies (Latif and Barnett 1994, 1996; Seager et al. 2001; Vivier et al. 2002; Wu et al. 2003; Kelly 2004; Kwon and Deser 2007) , with local surface fluxes playing less of a role (Kelly 2004 ).
Impact of vegetation variability on the atmosphere
The percent difference in variance of annual surface air temperature is shown between INTVEG and NASIAFIX in Fig. 3a and between NASIAINT and FIXVEG in Fig. 3b . Two connected regions of enhanced temperature variance ( p Ͻ 0.1) are identified in the simulations with interactive northern Asian vegetation: the Kuroshio Extension and northeastern China/ Mongolia. Since the mean surface winds are westnorthwesterly over these regions, fluctuations in temperature over northeastern China are likely to impact the Kuroshio Extension through the mean advection of temperature anomalies downstream. Temperature variance is 20% greater ( p Ͻ 0.1) over northeastern China/Mongolia and 25% greater ( p Ͻ 0.1) over the Kuroshio Extension region in INTVEG compared to NASIAFIX. Likewise, the variance is 20% and 35% greater ( p Ͻ 0.1), respectively, in NASIAINT compared to FIXVEG. Over the Kuroshio Extension, the variance in surface air temperature is 35% greater ( p Ͻ 0.1) for MAM in INTVEG compared to NASIAFIX. Over northeastern China, variance is 25% greater ( p Ͻ 0.1) for September-November (SON) in INTVEG compared to NASIAFIX. These seasonal results qualitatively agree with the comparison of NASIAINT with FIXVEG. Interestingly, the largest differences in temperature variance between simulations are located outside the critical North Asia box, suggesting substantial remote vegetation feedbacks. Similar to studies by Bonan et al. (1995) , Chase et al. (2000) , Zhao et al. (2001) , and Lynch et al. (2003) , we found that vegetation changes within the forest-tundra transition region over northern Asia can have significant widespread impacts on climate.
Mechanism of remote feedback
Variations in forest cover along the northern boreal forest of Eurasia, which are largely driven by fluctuations in surface radiation (related to cloudiness), produce a local albedo feedback that initiates the remote feedback on Pacific SST. This albedo feedback is the result of the forest canopy masking snow cover or increased energy absorption into the canopy, with an increase in forest cover reducing the albedo (Lynch et al. 2003) and increasing the surface air temperature. Figure 4 presents lead-lag correlations between annual forest cover and seasonal albedo over North Asia (55°-80°N, 50°-140°E) from INTVEG. The instantaneous relationship between annual forest cover and seasonal albedo is most negative (r ϭ Ϫ0.4) in JJA. However, the vegetation feedback is greatest on MAM albedo, similar to the study by Lynch et al. (2003) , and is significant for up to 3-4 yr. This represents the reduction of springtime albedo over the span of several years following an increase in forest cover and masking of snow. Although the correlations with forest cover leading December-February (DJF) albedo are significant out to 3 yr, the minimal amount of solar radiation at the high latitudes likely makes this feedback to climate minimal.
Within the critical North Asian region, variability in forest cover feeds back to the sea level pressure pattern. Anomalously high forest cover fraction over northern Asia results in lower albedo and, thus, higher temperatures, which contribute to a lowering of the atmospheric pressure. In particular, tree cover variations in the western dipole center (60°-70°N, 70°-90°E) affect the October-April (dominant period for Siberian high) sea level pressure downstream, over north-central Asia (55°-80°N, 70°-120°E) (Fig. 5a ). Tree cover fractions over northern Asia exhibit a memory of one to two decades, based on the significance (90%) of autocorrelations at different time lags. As a consequence, the atmospheric response to tree cover anomalies can be quite persistent. A period of anomalously high forest cover fraction in the west dipole center is often followed by a significant decrease in sea level pressure during the next 2 to 8 yr over north-central Asia ( p Ͻ 0.1). In spite of being statistically significant, the correlation of annual forest cover against a single year's sea level pressure is not particularly high, because of a strong internal atmospheric variability. However, the long persistence of a positive tree cover anomaly supports a pattern of lower atmospheric pressure over several subsequent years. As shown in Fig. 5b , the correlation between annual forest cover in the west dipole center and October-April sea level pressure averaged over the following 8 yr at all points is most negative (r Ͻ Ϫ0.3) over north-central Russia, just downstream of the west dipole center. The variance in annual sea level pressure over northern Russia is significantly higher (Ͼ20%) in INTVEG than NASIAFIX ( p Ͻ 0.1) due to this forest cover-atmospheric circulation relationship. Pressure over the region of the northern Siberian high critically impacts temperature over northern China and, eventually, the Kuroshio Extension. There is a negative correlation between forest cover in the west dipole region and mean October-April surface FIG. 4 . Lead-lag correlations between annual forest cover fraction and seasonal planetary albedo in North Asia (55°-80°N, 50°-140°E). Correlations are computed with (left) albedo leading forest cover, and (right) forest cover leading albedo. Shading indicates statistical significance at the 90% level. The surface albedo was unfortunately not available for the simulation. air temperature averaged over the following 8 yr across a band stretching through eastern Russia, northeastern China, Japan, and the Kuroshio Extension (Fig. 5c) . A positive forest cover anomaly over the western dipole center tends to lead to a weaker northern Siberian high, which limits its ability to access Arctic air masses, reduces northerly winds and cold air advection to the east of the high, and results in warmer conditions to the southeast. This establishes a link between the forest cover over northern Asia and temperatures over the Kuroshio Extension.
The link between Kuroshio Extension SSTs and Asian climate variability is further investigated in Fig.  6 . Annual Kuroshio Extension SSTs in INTVEG are correlated against surface air temperature and sea level pressure at all points in Figs. 6a,b , respectively. Given a mean west-northwesterly lower-tropospheric wind, temperatures across much of East Asia, particularly northeastern China, are significantly correlated with Kuroshio Extension SSTs (Fig. 6a) . Kuroshio Extension SSTs are also found to be significantly anticorre- lated with sea level pressure over northern Russia (Fig.  6b) . The correlation pattern of Fig. 6b closely matches the pattern of EOF-1 for the North Asian annual sea level pressure (41% of the variance). In particular, DJF sea level pressure over northern Russia is highly anticorrelated (r Ͻ Ϫ0.4) with the following MAM Kuroshio Extension SST, suggesting a stronger wintertime northern Siberian high supporting lower springtime Kuroshio Extension SSTs. These findings reflect previous studies using observational data. Panagiotopoulos et al. (2005) noted that the Siberian high's observed impact on atmospheric circulation and temperature extends over a vast area from the Arctic to the tropical Pacific, with the strength of the Siberian high negatively correlated with temperatures over Siberia and extending southeastward to the Kuroshio Extension. Observed changes in sea level pressure anomalies over the northern Siberian high also have a strong influence on the East Asian winter monsoon (Gong et al. 2001) , with a stronger high leading to lower SSTs in the Sea of Japan (Minobe et al. 2004) .
Monthly lead-lag correlations are performed for the regions of North Asia (55°-80°N, 50°-140°E), northeast China (38°-51°N, 105°-130°E), and the Kuroshio Extension (30°-40°N, 140°E-180°) (Fig. 6c) . The strongest negative correlation between North Asia's sea level pressure and northeast China's surface air temperature is instantaneous, with a stronger northern Siberian high encouraging greater northerlies with cold advection across East Asia. Similarly, Gong et al. (2001) determined that China's observed wintertime temperatures are strongly anticorrelated with sea level pressure variations over the Eurasian high latitudes. In fact, the Siberian high accounts for 44% of the total observed wintertime temperature variance of China on average (Gong and Wang 1999) . Observations reveal that, during the winter monsoon, the Siberian high produces cold northerly and northwesterly winds across China, the Sea of Japan, and South China Sea (Chu et al. 2001; Gong et al. 2001) .
There is a significant positive correlation between northeast China's surface air temperature and Kuroshio Extension SST, particularly with the former variable leading by one month. Northeast China's air temperatures during DJF are particularly well correlated (r Ͼ 0.4) with the following MAM Kuroshio Extension SSTs. Kuroshio Extension SSTs are significantly affected by East Asian air temperatures over the preceding half year, with the mean winds advecting these anomalies over the North Pacific. Finally, North Asian sea level pressure is negatively correlated with Kuroshio Extension SST, especially when pressure leads by one month. In summary, forest cover anomalies along the north side of the Asian boreal forest lead to changes in albedo, which result in changes in temperature and sea level pressure. This atmospheric circulation response produces changes in air temperature over East Asia that are later advected over the Kuroshio Extension, impacting the SSTs.
The In an observational study, Panagiotopoulos et al. (2005) likewise found that the subtropical jet over China and the North Pacific is stronger when the Siberian high is intense. Likewise, Lynch et al. (2003) performed an experiment in which they imposed a poleward expansion of the Asian boreal forest and found that the planetary wave pattern of the NH midlatitudes shifted poleward, illustrating the impact of vegetation on the large-scale circulation pattern.
In comparing MAM 500-hPa height variance between INTVEG and NASIAFIX, we determine that there is a 30% enhancement in height variance over the Bering Sea in INTVEG, likely related to sea ice feedbacks, and a slight southward shift of the North Pacific storm track, related to slightly lower mean temperatures over northern Asia and the North Pacific. There is up to a 20% reduction in MAM sea level pressure variance over the Aleutian low in INTVEG.
Conclusions
Four simulations, using a fully coupled climate model with dynamic vegetation, FOAM-LPJ, are produced and analyzed to assess potential remote impacts of vegetation variability on SST variability. The most substantial area of forest cover variability is simulated over North Asia, on the poleward side of the boreal forest, dominated by an east-west dipole pattern of forest cover variability. By comparing the simulations INTVEG with NASIAFIX, and NASIAINT with FIXVEG, the impact of vegetation variability over the northern edge of the Asian boreal forest is isolated. Both comparisons show a robust signal of significantly enhanced Kuroshio Extension SST variance (ϩ30%) when annual vegetation cover is permitted to vary over north-central Russia. Likewise, surface air temperature variance is enhanced in the INTVEG and NASIAINT simulations over the Kuroshio Extension and northeastern China/Mongolia. A mechanism for the enhanced variance is identified. Positive forest cover anomalies over the western dipole region of northern Russia, which tend to persist for years, reduce the albedo by absorbing more radiation in the canopy and masking underlying snow cover. This lower albedo results in higher surface air temperatures and, eventually, lower pressure along the northern Siberian high, which reduces northerly winds and cold advection over northeast Asia. The mean winds then advect warm anomalies over northeast China east-southeastward to the Kuroshio Extension. Thus, the atmosphere serves as a bridge between vegetation variability over North Asia and SST variability over the North Pacific to compose a remote vegetation feedback.
While the lack of observational data of annual forest cover fraction makes it difficult to confirm these model findings, there are several reasons to have confidence in the results, at least qualitatively. Both observed fractional vegetation cover (FVC) data and model output show relatively high variability in total vegetation cover on the poleward side of the Eurasian boreal forest, although the model's variance appears to be too large. Using FOAM-LPJ, Notaro et al. (2005) simulated a poleward shift of the Eurasian boreal forest due to recent increases in atmospheric CO 2 , which agreed with satellite data during the past two decades. The model simulates a reasonable PDO pattern, both spatially and temporally. The simulated relationship between the Siberian high and East Asian temperatures agrees well with observed studies.
